We studied the risk factors associated with cerebral vasospasm following aneurysmal subarachnoid hemorrhage (SAH). The subjects were 370 patients with ruptured aneurysms who fulfilled all of the following criteria: admission by day 2 after onset, operation performed by day 3 by the same surgeon (T.I.), Hunt-Hess grade I-IV, availability of bilateral carotid angiograms acquired by day 2 and repeated between days 7 and 9. The demographic, clinical, radiographic, surgical, laboratory, and electrocardiographic data were analyzed for angiographic vasospasm (AV), symptomatic vasospasm (SV), and cerebral infarction on computed tomography (CT) scan. Both CT-evident SAH and AV were graded as 0-IV. Among the 370 patients, AV grade III-IV, SV, and cerebral infarction occurred in 26%, 24%, and 20%, respectively. Univariate analysis showed that Hunt-Hess grade III-IV, SAH grade III-IV, intracerebral or/and intraventricular hemorrhage, rebleeding, cigarette smoking, hypertension, alcohol intake, leukocytosis, hyperglycemia, and electrocardiographic QTc prolongation, left ventricular hypertrophy (LVH), and ST depression were significantly related to at least one of AV grade III-IV, SV, or cerebral infarction. Multivariate analysis showed that SAH grade III-IV was the most important risk factor for vasospasm followed by LVH on electrocardiogram, cigarette smoking, and hypertension. AV grade III-IV, SV, and cerebral infarction occurred in 57%, 54%, and 39% of the 46 smokers with LVH, and in 43%, 49%, and 35% of the 68 patients who had both LVH and hypertension, respectively. CT-evident SAH, LVH, cigarette smoking, and hypertension are associated with vasospasm. In smokers or hypertensive patients, premorbid LVH appears to predict much more severe vasospasm.
Introduction
Cerebral vasospasm following aneurysmal subarachnoid hemorrhage (sah) constitutes one of the most serious complications in terms of patient morbidity and mortality. The pathogenesis of this condition is multifocal and complex, and is not yet fully understood. It is therefore important to identify risk factors and markers for vasospasm, and to develop better means of predicting it, thus allowing more effective treatment. at the present time, there is little doubt that thick blood clots evident on head computed tomography (CT) scan represent the only consistently demonstrated risk factor for vasospasm. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] numerous other factors have been investigated for possible association with vasospasm, including patient age, sex, hunt-hess and world Federation of neurosurgical societies grade, rebleeding, cigarette smoking, hypertension, alcohol intake, heart disease, diabetes mellitus, and body mass index (bMI). 1, 2, [4] [5] [6] [7] [8] [9] [10] [12] [13] [14] [15] [16] [17] [18] radiographic features already studied include intracerebral hemorrhage (ICh) or/and intraventricular hemorrhage (IVh) on CT scan, and the site and size of the ruptured aneurysm. 1, 2, 4, 5, 7, [13] [14] [15] Laboratory data such as mean arterial pressure, white blood cell count, and the serum levels of sodium, glucose, and total cholesterol have been studied. 1, 2, 4, 5, 12, 15, 16) surgical treatment and electrocardiogram (ECg) findings have been also investigated. 7, 11, 19, 20) however, the results obtained in previous studies have not necessarily been consistent, and some have been conflicting. among the various studies, the sample size has sometimes been relatively small, and the definition, nomenclature, and methods used for diagnosis of vasospasm have not been uniform. For example, with regard to angiographic vasospasm (aV), strict angiographical studies have seldom been done, except in animals. In most published studies, only when vasospasm was suspected as the cause for delayed neurologic deterioration, patients underwent angiography, and whether aV was present or not was assessed. however, in our previous studies, aV was observed in more than 90% of patients after aneurysmal sah, regardless of whether or not it was symptomatic. [7] [8] [9] [10] The high percentage of aV is probably due to the fact that it has been rigorously defined. Therefore, mere judgment as to whether or not aV is present has little benefit, and it is preferable to use a grading system for aV. Taking these points into consideration, this study analyzed the factors related to vasospasm after aneurysmal sah, and considered important factors additional to cisternal blood clots evident on CT scan.
Materials and Methods
During the 19-year period from 1980 to 1998, 985 patients who had suffered aneurysmal sah were admitted to the Department of neurosurgery of shimane Prefectural Central hospital. sites of ruptured aneurysms were confirmed in 853 (87%) of them. In the present study, clipping of ruptured aneurysms was defined as surgery. Of the 853 patients with ruptured aneurysms, 640 (75%) were treated surgically, 449 (70%) of them by day 3 after initial sah (day 0 was defined as the day of hemorrhage), and 625 (98%) by the same surgeon (T.I.). From the late 1980s, when patients with ruptured anterior communicating artery, distal anterior cerebral artery (aCa), or middle cerebral artery (MCa) aneurysms were treated surgically in the acute stage after sah, in most cases the entire aneurysmal complex was dissected from the fundus to the neck without temporary clipping, and thereafter, neck clipping was performed. 21) an attempt was made to evacuate as much of the blood clots as possible following aneurysm clipping, and the subarachnoid spaces were irrigated with lactated ringer's solution. when sah was severe and operations were performed while the patients were in the acute stage, drains were introduced into the frontal horn and the prechiasmatic cistern, and ventriculo-cisternal irrigation was performed with lactated ringer's solution at about 500-1500 ml/day for about 7 days. 10) From the 640 patients who were treated surgically, those who fulfilled all of the following criteria were selected for analysis in this study: (1) admission by day 2 after initial sah, (2) operation performed by day 3, (3) operation performed by the same surgeon (T.I.), (4) preoperative hunt-hess grade between grades I and IV, (5) availability of bilateral carotid angiograms obtained by day 2 and again between days 7 and 9, and (6) availability of CT scans performed on admission and then repeated several times between admission and discharge. There were 370 consecutive patients who fulfilled all of these criteria. For these patients, the relationship of factors that had been determined before surgery to aV, symptomatic vasospasm (sV), and cerebral infarction evident on CT scan were investigated.
I. Classification of SAH on CT scan
aneurysmal sah was classified by CT scanning into four pathological types: sah alone, ICh, IVh, and subdural hematoma. 22) ICh was defined on the basis of location and size; small hematomas adjacent to cisterns were not considered to be ICh because they are sometimes difficult to distinguish from subarachnoid blood clots. Trace blood or sedimented blood in ventricles was not included as IVh. In other words, in the present study, only apparent ICh and IVh visible on CT scan was defined as ICh and IVh. regardless of whether patients had concomitant hematoma such as ICh or IVh, sah on the CT scan was graded from 0 to IV (Fig. 1) . 7, 11) grade 0: no areas of high density in any cistern. grade I: at least one area of slightly high density detectable. grade II: at least one area of moderately high density detectable. grade III: severe clotting evident in one or two of three locations in the basal cistern: the two bilateral parasellar-sylvian cisterns and the midline interhemispheric fissure. grade IV: severe clotting packed diffusely in all three basal cistern locations. 
II. AV grade
The vessels studied for the purpose of assessing aV were the intracranial portion of the internal carotid artery (ICa), the M1 and M2 segments of the MCa, and the a1 and a2 segments of the aCa. 7, 8, 11) The degree of aV in each vessel on the carotid angiogram was assessed between days 7 and 9 after sah by comparing it with the same portion on the initial angiogram that had been obtained by day 2. The aV of each vessel was divided into four groups: (1) no vasospasm detected; (2) slight vasospasm, which was difficult to diagnose without control angiograms; (3) moderate vasospasm; and (4) severe vasospasm with more than 50% reduction of arterial caliber. 7, 8, 11) In patients who underwent bilateral carotid angiography by day 2 and between days 7 and 9, the aV grades in the bilateral ICa territories were estimated according to the following classification ( either of the two M1 segments, the dominant a1 segment, any two of the four M2 segments, or both a2 segments.
grade IV: severe vasospasm in more than two of the locations listed in grade III.
III. SV and cerebral infarction on CT scan
During hospitalization, the presence of sV and a lowdensity area on CT scan were evaluated as follows: 7, 11) If symptoms were newly observed without preceding symptoms from other causes, such as surgical or medical complications, hemiparesis, monoparesis, and aphasia were considered to be caused by vasospasm of the MCa. Paralysis of the lower extremities, disturbance of consciousness, and mental disturbance were thought to be related to vasospasm of the aCa. If the symptoms subsequently disappeared, they were regarded as transient, but if the symptoms persisted until discharge from the hospital, they were regarded as permanent.
CT scanning was repeated in order to detect persistence of subarachnoid clot and the areas of ischemia. If a new low-density area appeared that had not been seen on previous CT scan or caused by other factors such as the operation, it was regarded as cerebral infarction due to vasospasm, with or without clinical symptoms.
aV grade, sV, and cerebral infarction due to vasospasm were independently assessed without knowledge of each, or of sah grade on CT scan.
IV. Data collection
In the present study, data on 40 variables were collected for analysis. The demographic and clinical 
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in the data collection, all of the data were reviewed by the author (T.I.) before being input to a personal computer, to maintain format consistency.
V. Statistical analysis
The chi-squared test, Mann-whitney U-test, or Kruskal-wallis test was used for statistical analysis. Multiple logistic regression analysis was performed to determine the variables associated with aV grade III-IV, sV, and cerebral infarction evident on CT scan. statistical analysis was performed using commercially available software (version 3, JMP statistical analysis Program, sas Institute Inc., Cary, north Carolina, Usa). Differences at p < 0.05 were considered to be significant.
Results
among the 370 patients, aV, sV including both transient and permanent sVs, and cerebral infarction on CT scan were observed in 356 (96%), 89 (24%), and 73 (20%), respectively. Close correlations of aV grade to the incidences of sV and cerebral infarction were found. There was a distinct difference between aV grades 0-II and III-IV in the incidences of sV and cerebral infarction. among the 275 patients with aV grade 0-II, 22 (8%) had sV and 13 (5%) had cerebral infarction, whereas among the 95 patients who had the more severe aV grade III-IV, these features were observed in 67 (71%) and 60 (63%), respectively (both p < 0.0001).
Univariate analysis was performed to assess the individual relationships between each of the 40 variables and the incidences of aV grade III-IV, sV, and cerebral infarction on CT scan. Twelve variables were found to be significantly related to at least one of aV grade III-IV, sV, and cerebral infarction on CT scan (Table 1) , and these variables were used for multivariate analysis (Table 2) . This demonstrated that sah grade III-IV on CT scan had the strongest relationship with all of aV grade III-IV, sV, and cerebral infarction, followed by LVh on ECg, cigarette smoking, and hypertension. although univariate analysis showed that hunt-hess grade III-IV, ICh or/and IVh on CT scan, and sT depression on ECg were significantly related to all of aV grade III-IV, sV, and cerebral infarction, the relationships did not reach statistical significance in multivariate analysis. Table 3 shows the sah grades on CT scan in patients with variables that were shown to be significantly related to at least one of aV grade III-IV, sV, and cerebral infarction in univariate analysis. The incidence of severe sah grade III-IV on CT scan was very high in patients who had hunt-hess grade III-IV, ICh variables assessed included patient's age, sex, preoperative hunt-hess grade, rebleeding, cigarette smoking, hypertension, alcohol intake, heart disease, and bMI. Diagnosis of rebleeding before admission was made only if the patient again experienced a definite clinical deterioration after an episode suggesting sah. 22) after admission, patients who showed a sudden neurological deterioration were subjected to repeat CT scanning, and rebleeding was diagnosed only when fresh blood was found on the CT scan in comparison with the previous scan. 22) For smoking, patients were divided into three groups: current smokers, former smokers, and never smokers. 23, 24) hypertension was defined as a history of the disorder, regardless of treatment with antihypertension medication. 23, 24) Information on heart disease, including valvular disease, coronary heart disease, and myocardial infarction, was based on medical history. radiographic characteristics entered into the analysis were type of hemorrhage and sah grade evident on CT scan, and the site and size of the ruptured aneurysm. In this study, for patients who had no rebleeding, CT findings that had been obtained on admission were adopted, whereas for patients who had rebleeding, those obtained after rebleeding were adopted. with regard to surgery, its timing, the operative approach employed, and use of temporary occlusion during surgery, including the number of occlusions, their total duration, or maximum occlusion time, were recorded. Laboratory data that had been obtained on admission and assessed were mean arterial pressure, and blood examination data including white and red blood cell counts, and the serum levels of sodium, potassium, glucose, total cholesterol, aspartate aminotransferase, alanine aminotransferase, blood urea nitrogen, γ-glutamyltransferase, lactate dehydrogenase, and creatine phosphokinase. a standard 12-lead ECg was routinely obtained from each patient on admission, and analyzed by experienced cardiologists who were blinded to the patient's condition. ECg changes analyzed included heart rate, QTc time, arrhythmia, left ventricular hypertrophy (LVh), sT elevation, sT depression, peaked T wave, T wave inversion, and U wave. To assess the presence of LVh, the sokolow-Lyon index was used; LVh was considered when the s wave in lead V 1 plus the r wave in lead V 5/6 was > 3.5 mV.
Data for all patients, including laboratory data, were entered on a standard format sheet soon after the patients had been discharged from the hospital, and the data were prospectively entered into a personal computer (apple II and Macintosh, apple Inc., Cupertino, California, Usa) by the same dedicated assistant. although many doctors participated Neurol Med Chir (Tokyo) 54, June, 2014 or/and IVh on CT scan, rebleeding, leukocytosis, or hyperglycemia. The effect of LVh on vasospasm was analyzed in cigarette smokers or hypertensive patients. aV grade III-IV, sV, and cerebral infarction occurred in 26 (57%), 25 (54%), and 18 (39%) of the 46 patients who were smokers with LVh, 29 (43%), 33 (49%), and 24 (35%) of the 68 patients who had both hypertension and LVh, and 17 (77%), 17 (77%), and 13 (59%) of the 22 patients who smoked and had both LVh and hypertension, respectively.
Discussion
with regard to the definition of cerebral vasospasm, while the diagnosis of aV is usually based on subjective narrowing of the artery compared with images without vasospasm, [7] [8] [9] [10] [11] delayed ischemic complications after sah have been defined by a variety of terms and methods. sV is defined as new or worsening delayed neurological deterioration, even when transient, without any other identifiable cause that is associated with vasospasm confirmed by angiography. 1, 4, [7] [8] [9] [10] [11] 14, 15) when a new hypodensity is observed on CT scan, and is not related to complications such as surgery or angiography, it is defined as cerebral infarction. 2, [7] [8] [9] [10] [11] 13) Delayed cerebral ischemia (DCI) is defined as either the presence of sV or new cerebral infarction evident on CT scan attributable to vasospasm, or both. 2, 4, 6) Delayed ischemic neurological deficit (DInD) is defined as worsening of neurological status that is not attributable to another apparent cause such as hydrocephalus or seizure, occurring in the presence or absence of aV. 13) In the present study, multivariate analysis showed that sah grade III-IV on CT scan, cigarette smoking, hypertension, and LVh on ECg were significant risk factors among aV grade III-IV, sV, and cerebral infarction. There is undoubtedly a strict correlation between the amount of subarachnoid blood detected by CT scan soon after sah and the subsequent development of vasospasm. with regard to the methods used for assessing sah on CT scans, that employed most commonly is the scale devised by Fisher et al., 3) and recently, a modified Fisher grade has been proposed by Claassen et al. 2) In these approaches, the cisternal clot and ICh/IVh are assessed using the same grading scales. however, when taking into account that the most powerful determinant of vasospasm is the thickness of the subarachnoid blood clot on CT scans, grading of cisternal sah on CT scan, regardless of whether patients have concomitant hematoma such as ICh/IVh, is more useful for prediction of vasospasm. some authors have reported that cigarette smoking increases the risk of aV 4, 18) or sV 14) after aneurysmal sah, whereas others have detected no effect of cigarette smoking on sV 5) or DCI. 2, 6) although a history of hypertension was not identified as a risk factor for sV, 1, 14, 16) DCI, 2, 6) or DInD, 13) some investigators have demonstrated a positive association between pre-existing hypertension and the likelihood of sV 15) or DCI. 12, 17) To the contrary, hirashima et al. 5) demonstrated that a history of hypertension had a significant negative relationship with sV; that is, the occurrence of sV was decreased. These two factors are well-known modifiable risk factors for aneurysmal sah. 23, 24) The pathophysiologic details of why cigarette smoking and hypertension elevate the risk of vasospasm remain unclear. Ohman et al. 17) speculated that the brain of a hypertensive patient might be less tolerant to ischemia than that of a normotensive patient. Cigarette smoking and hypertension may cause arteriopathy. 14) Therefore, these two factors may interact with each other.
with regard to the relationship between ECg changes after sah to the occurrence of vasospasm, brouwers et al. 19) have found no predictive effect of individual ECg abnormalities on the risk of DCI. schuiling et al. 20) reported that although sT depression was associated with the occurrence of DCI in univariate analysis, its importance was negligible for prognostication of DCI, and concluded that ECg abnormalities did not contribute to the prediction of DCI. In the present study also, while sT depression was significantly associated with the occurrence of sV and cerebral infarction in univariate analysis, the association was not significant in multivariate analysis. In the present study, the most interesting finding was a beneficial association between LVh on ECg and all of aV grade III-IV, sV, and cerebral infarction. To our knowledge, this is the first study to have described LVh as an independent risk factor for the development of vasospasm. In addition to hypertension and cigarette smoking, it is well known that the presence of LVh is associated with a marked increase in the risk of cardiovascular events and stroke. a meta-analysis of sah has concluded that the occurrence of DCI was associated with markers of cardiac damage and dysfunction, such as electrocardiographic wall motion abnormalities, and elevated levels of troponin, creatine kinase Mb, and brain natriuretic peptide. 25) Mayer et al. 26) showed that a depressed cardiac index after sah was an independent predictor of sV, and suggested that cardiac output reduction might increase the risk of cerebral ischemia related to vasospasm. Furthermore, Temes et al. 27) demonstrated that left ventricular dysfunction after sah, defined as an ejection fraction of < 40% on cardiography, was associated with an increased risk of cerebral infarction due to vasospasm. Therefore, if sah occurs in patients with LVh, cardiac damage and dysfunction may become more severe than that in patients without LVh, resulting in a higher risk of vasospasm. On the other hand, systemic hypertension is the most common cause of LVh. Therefore, if sah occurs in hypertensive patients or smokers who have had LVh prior to the onset of sah, then cardiac damage and dysfunction might become much more severe than in those without LVh, resulting in a much higher risk of vasospasm. In fact, in the hypertensive patients or smokers investigated in this study, while the incidences of aV grade III-IV, sV, and cerebral infarction were high, they became much higher if the patients had premorbid LVh.
In the present study, although hunt-hess grade III-IV, ICh or/and IVh on CT scan, rebleeding, leukocytosis, and hyperglycemia were positive predictors of vasospasm in univariate analysis, they did not reach statistical significance in multivariate analysis. Considering the results of the present study, one of the most plausible reasons why these five variables were not significant predictors of vasospasm in multivariate analysis is that there is a close correlation between them and sah grade on CT scan.
This study had some limitations, the most important of which was that LVh was detected by electrocardiography alone, and was not examined using echocardiography or cardiac magnetic resonance imaging. ECg is very specific, but insensitive, for detection of LVh. Therefore, although the incidence of vasospasm is high in patients with LVh, the exact incidence is still uncertain at present. Further research is required to confirm the actual incidence of vasospasm in patients with LVh that has been diagnosed adequately.
The present study has shown that severe sah evident on CT scan is the most important risk factor for vasospasm followed by LVh on ECg, cigarette smoking, and hypertension. This is the first reported study to have shown that LVh on ECg is an independent risk factor for the development of vasospasm. In smokers or hypertensive patients, while the incidences of aV grade III-IV, sV, and cerebral infarction on CT scan were high, they became much higher if patients had premorbid LVh.
